1a,2 A condensed version of the SOR mechanism is presented in Figure 1 .
The active site of SOR closely resembles that of P450, 3 and both enzymatic mechanisms are proposed to involve an Fe III -OOH intermediate, and involve initial protonation of the distal oxygen. The site to which the second proton is delivered, as well as the spin-state, 4b determines whether the Fe-O or O-O bond is cleaved. 4a-c 5a The charge transfer transition associated with 2 is unusually high in energy for a SFe(III) CT transition. In this work we explore the addition of proton and electron sources to our functional model 5a in order to model reaction steps (1), (2) , and (3) of the proposed SOR mechanism (Figure 1 ). Pre-isolation and purification of the Fe II precursor, 1, has afforded a much cleaner reaction system and a significantly more stable Fe III -OOH (2) species, thus allowing us to probe its reaction chemistry. 8 We can separately monitor the first and second protonation steps involved in H 2 O 2 formation by our model, but this requires the use of two different solvents. The first protonation step is most effectively monitored in THF, whereas the second protonation step is cleanest when monitored in MeOH. In rigorously dried THF, no reaction is observed between pre-purified 1 and O 2 -(solubilized as the 18-cr-6-K + salt) until an external proton source is added (Figure 2) . 8 This rules out a mechanism involving H + or H-atom abstraction 9 from the ligand N-H's. Addition of proton sources such as NH 4 + , MeOH, or, EtOH to a mixture containing pre-purified 1 + 1 eq of O 2 -in THF at -78 ˚C rapidly affords our metastable hydroperoxide species [Fe III (S Me2 N 4 (tren))(OOH)] + (2 ). Rates of 2 formation are dependent on the pK a of the proton donor: for the reaction to occur at comparable rates, the concentration of EtOH has to be ~500 times higher than that of NH 4 + . Although the pK a 's (both relative and absolute) of these proton donors are likely to be differ dramatically in THF (vs. H 2 O), the fact that EtOH will protonate 2 suggests that the initial protonation site is rather basic.
10, 11 The proton-dependence of 2 formation, along with the unusually high energy of the SFe(III) charge transfer band, 6 and the highly ordered distal oxygen observed by EXAFS, 5a suggests that the distal peroxide oxygen is protonated and perhaps hydrogen-bonded to the thiolate. A hydrogen-bonded ring structure (Figure 2 ) may, in fact, provide a driving force for the formation of hydroperoxide-ligated 2.
The second protonation step in the reduction of superoxide by our model requires stronger acids, such as HOAc, HBF 4 An associative mechanism involving nucleophilic displacement is ruled out by the fact that NH 4 + OAc -does not release H 2 O 2 from 2 in MeOH. 13 That a similar mechanism is involved in the second protonation step of SOR is supported by the fact that the initial product observed during the decay of the SOR peroxide (600 nm) intermediate (under basic conditions) appears to lack a coordinated glutamate, and may be five-coordinate or solvent-bound. 1a In order to mimic the last step in the SOR mechanism (rxn (3) of Figure 1) 13 A similar mechanism is most likely involved in H 2 O 2 release from the SOR enzyme. 1a The proton-dependence of the first step of our mechanism agrees with Sawyer's reported thermodynamic and kinetic data for superoxide-induced oxidation reactions, 10 but differs from that of SOR. 1a,b The cis, vs trans, arrangement between the thiolate and the peroxide of our model, vs. the enzyme, may be responsible for the mechanistic differences between our model and the enzyme.
The fact that we observe only one (hydro)peroxide-bound intermediate, as opposed to two, suggests that the mechanism differs from that of the D. baarsii SOR enzyme.
1b,2 Possible mechanisms consistent with the proton-dependence of the formation of 2 would involve either initial protonation of superoxide to afford HO 2 , a more potent oxidant than O 2 -, or initial protonation of the thiolate sulfur of 1, to afford a dicationic species that has a higher affinity for O 2 -. More detailed kinetic studies of both the proton-induced formation of Fe III -OOH (2), and the proton-induced release of H 2 O 2 are currently underway in our laboratory.
